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OVERVI EW

The Corps of Engineers is responsible for maintaining many
steel structures subjected to conditions of constant
condensation. Many of these structures are |ocated inside

| ocks and dans. Exanples include gates, reservoir outlets and
their gate recesses, piping systens inside dans, and val ves on
| ocks that are difficult to renmove fromtheir recesses. The
standard paint systemfor these surfaces is a solution vinyl
paint system This paint system when properly applied,

provi des many years of corrosion protection.

A problemwi th this system however, is that its high solvent
content conflicts with sone state and [ ocal air pollution
regul ations. Another problemis that there are tight

requi renents for surface preparation when using this system
The surfaces nmust be blast-cleaned to a white netal grade.
Condensation or spray in these environments often require the
contractor to take extrenme neasures to elimnate water flow
and reduce the humdity.

The coatings industry has recently begun to produce high
solids coatings that are advertised to be capable of providing
accept abl e adhesion to danp and wet steel and to provide a
hi gh | evel of corrosion protection. The objective of this work
was to evaluate high solids proprietary coatings devel oped and
mar keted for application to danp or wet steel surfaces and
devel op a performance specification for civil works
appl i cations.

The research was conducted in three phases. |In Phase |
vari ous proprietary coatings were obtained and tested to
determ ne test nethods that would properly sinulate the

conditions experienced in the field. Phase Il evaluated a
| arger nunber of coatings using test nethods that would nore
clearly identify superior products. |In Phase IIl, the nost

prom sing coatings were applied to field structures in order
to validate the | aboratory test results. Based on the
findings of this work, test nethods were nodified and a draft
Commercial Item Description (ClD) was prepared. Five
materials were tested according to the draft CI D, three of



these were found to neet all the requirenents and were
included in the CID as potential sources of supply.

PHASE | RESEARCH

Candi date coatings for the research were obtained by
contacting conpanies listed in the Annual Directory of

Coati ngs, Linings, and Fl oor Toppings. Eight coatings were
selected for Phase I. Al coatings were applied to

sandbl asted steel panels. The panels were divided into three
sets: dry, danp, and wet. The dry set of panels had no
further treatnent before application of the coating system
The danp panels were coated in a cool, high-humdity
environment. The wet panels were wetted with distilled water
during application. Al coatings were brush applied. The 3
sets of panels were subdivided into 3 exposure conditions
(dry, danp, and condensation). The coatings were allowed to
cure in the exposure environnment for 7 days before performng
adhesi on and sol vent (MEK) resistance testing. In addition to
these formal tests, each coating was subjectively eval uated
for any other characteristics that m ght be of significance in
the anticipated field application. These characteristics

i ncluded m xi ng and application properties, pinholes, craters,
or other defects in the applied coatings, and any effect that
m ght be attributed to the danp or wet application conditions.

PHASE | RESULTS

No differences could be detected in the ease of applying any
of the coatings to cool, danp surfaces versus dry surfaces.
In all cases, however, application of the coatings to wet
surfaces was difficult. Al the coatings tended to craw or
crater during the initial brush stroke, and many strokes were
needed to spread the coatings over a wet surface.

Craters or other defects appeared in the filnms of sone of the
coatings soon after application, but no relationships were
found between defect formation and the condition of the panel
(i.e., dry, danp, or wet). Therefore, it appeared for these
coatings that the defects were related to the filmformng
properties of the coating materials rather than to panel

condi tion.

The performance results for the coatings in the adhesion and
MEK resistance tests (after curing for 7 days in the three
envi ronments) showed that nost coatings exhibited either no
effect or a major effect, but rarely a noderate effect.

Few coatings resulted in any detectable differences in



adhesi on or MEK resistance when applied to cool, danp, or dry

surfaces and dried in anbient |aboratory conditions.

Simlarly, only a limted nunber of coatings exhibited a
difference in performance when cured in dry or danp

envi ronments. However, a significant nunber of coatings were
adversely affected by curing in the condensation environnment
produced in the condensation chanber. Only 2 of the 8
coatings showed no noticeable effects fromany of the exposure
condi ti ons.

PHASE | CONCLUSI ONS

Phase | denonstrated that there are coatings avail abl e that

wi |l adhere to wet steel in a condensing environnent. The
nost demandi ng condition in the work perfornmed required the
coating to cure in a condensing environment. Curing in a |ow
tenperature, high-humdity environnment had little if any
effect on nost of the coatings. Therefore, it was decided
that Phase Il work should concentrate on further identifying
the coatings that exhibited suitable performance when applied
to wet panels and cured in a condensing environment.

PHASE || RESEARCH

The objective of Phase Il was to further define the test

nmet hods and eval uate additional coatings. Spray application
of the coatings and two-coat systens were added to the testing
matri x. The specific coatings tested were chosen by the
manuf act urers thensel ves know ng the conditions under which
the coatings were to be applied and to which they woul d be
exposed imedi ately after application. Each manufacturer also
recommended the filmthickness and the nunber of coats to be
applied. The systens tested are shown in Table 1.

Twel ve coating systens were obtained for application and

eval uation. Two of the coatings were the better-performng
coatings fromPhase |I. Evaluation focused on the application
characteristics and resistance to i nmersion or condensation
conditions imedi ately after application. The coating systens
were applied to white-netal -bl ast-cl eaned carbon steel test
panel s that were wetted with fresh tap water. The coati ngs
were applied either by brush or an airless spray system

| medi ately after application the panels were placed either in
distilled water or in a condensing humdity cabinet. After 2
weeks of exposure, the panels were evaluated for the foll ow ng
properties: adhesion, MEK resistance, blistering, and | oss of
adhesion at the scribe.



PHASE || RESULTS

After all of the data were collected, the results for each
pai nt systemwere reviewed to determne if the system m ght be
acceptable for use in field conditions. The coatings that
performed well were systens 8 and 12. These systens had the
best final testing results, with excellent adhesion, no
blistering, and slight to no color transfer during MEK

resi stance testing. These sane panels showed no | oss of
adhesion at the scribe.

Coating systens 4, 10, and 11 al so had excel | ent adhesi on, no
blistering, and no | oss of adhesion at the scribe but had
slight to high color transfer during the MEK resistance
testing. System5 also had i npressive performance properties,
but was not included anong the hi ghest perfornmers because of
its poor application properties.

PHASE 11 CONCLUSI ONS

Anal ysis of the test data clearly separated the coatings into
three distinct performance categories: the best (two
products); the mddle (four products); and the poorest (six
products). Because the tests clearly discrimnated coatings
on the basis of performance, it is concluded that the test

met hodol ogy was appropriate for |aboratory screening purposes.

PHASE 1| FI ELD APPLI CATI ON

A contract was awarded for the application of 2 systens to 2
outl et gates at a Corps of Engineers reservoir. The paint
application requirenents called for a “stripe” coat --
prelimnary coat applied by brush to edges, corners, bolts,
and other surface irregularities. The stripe coat was to be
foll owed as quickly as possible by the application of the
first coat of the paint system Paint on all vertical and
overhead surfaces was to be applied by airless spray. |If
excess noi sture had condensed on these surfaces, they were to
be wi ped with clean rags before application of the coating.
The floor of the structure was expected to be wet due to

i nconpl ete seal of the bul khead. On this area the paint was
to be applied with a roller; the area was to be rolled and
backrolled in an effort to displace any standing or flow ng
wat er. Subsequent coats did not require the stripe coat. A
target dry filmthickness of 15 mls was required. Any areas
with a nmeasured coating thickness of less than 12 mls would
require additional paint.



Gate 1 was to be painted with Reactic 1208 (gray),
manuf actured by the Inperial Division of Carboline. This

material was referred to Coating 2 in the Phase Il study. It
performed well in the Phase | study but exhibited blistering
under the exposure conditions used in the Phase |l study.
Reactic 1208 was included in the Phase Il study to determ ne

whet her successful field application necessarily required a
coating with superior |aboratory results. The manufacturer

of fered assurances that the product would perform
satisfactorily in the actual field environment, and indicated
that this coating is routinely applied w thout thinning, using
brush, roller, or airless spray. The manufacturer stated that
wet filmthicknesses in excess of 10 m|s would probably
result in sagging.

Application conditions at Gate 1 were high humdity and
tenperatures in the 50 to 52 EF range. Saggi ng created najor
difficulties, and long cure tinmes created delays in the
operation. Because the wet filmthickness was well bel ow the
manuf acturer’s specified 10 m| saggi ng point the contractor
sought additional guidance fromthe manufacturer. The

manuf acturer stated that although the application was within
the tenperature and humdity limts indicated in the conpany
literature, the conpany had no actual field application
experience under these conditions. In order to conplete the
application, the contractor was allowed to apply a significant
anount of the coating by brush. The separate stripe coat
required by the contract was not applied.

The application to Gate 2 was at the sane |ocation as Gate 1
but the contractor was allowed to raise the tenperature to
approximately 68 EF. Application was by airless spray as
required by the contract. The paint system was Pernox 9043
Type | wet process epoxy (gray), manufactured by Engi neered
Chem cal Coatings. This material was referred to as Coating 8
in the Phase Il study. It was selected because of its high
performance in the Phase Il study. The manufacturer indicated
that 10 percent thinning was usually necessary for airless
spray, but thinning was usually not necessary for brush or
roller application. Sagging could be expected at wet film

t hi cknesses greater than 9 to 10 mls. Dry filmthicknesses
in excess of 12 mls per coat could create stresses within the
coating and should be avoided. Product literature warned that
| oner tenperatures and increased filmthicknesses increase the
dry-to-topcoat tinmes published in the technical data sheet.

After being painted, both gates were returned to service,

whi ch included either hanging in a high-humdity environnment
or being imersed in fresh water. The first inspection was
conducted after approximately 2 years of service. At that
time Gate 1 had nmany areas of rust visible on conplex areas of
the gate. |If the stripe coat had been applied as required by
the contract, many of these coating failures would have been



avoi ded. Sone areas of relatively intact coating were found to
be blistered. It was typical to find blistering in areas
where the coating thickness exceeded 20 mls. |In areas where
the coating was 12 to 16 mls, the coating had smaller
blisters. Little blistering was noted in areas of |ess than
10 m | s thickness.

After 2 years of service, the coating on Gate 2 had excell ent
adhesion and no blistering. The coating was well applied to
corners and rivets, and very little rust was noted in these
areas. Coating thickness ranged from10 to 12 mls on the
structural side of the gate and 18 to 20 mls on the snooth
side. The gate was covered with a thick layer of black scum
that was not noted on Gate 1. The scumwas not identified,
but it appeared to cause no adverse effect to the coating or
to the operation of the structure.

A second contract was awarded to apply the sane coatings to an
outlet structure. The structure to be coated consisted of two
conduit liners extending through both the energency gate and
service gate areas. The total area of each liner was 430 sq
ft. Service gate liner walls and ceiling were heavily rust-
pitted and blistered in areas. Epoxy patch had been used to
fill inthe nore heavily pitted areas. Seans, edges, and
areas of seepage or weeping had created cal ci um deposits on
the walls and ceiling of the liners. The liner walls and
ceiling were danp or wet in areas of weeping. Water on the
floor averaged 1.5 to 2 in. deep.

Work was conducted on the west conduit liner in | ate Novenber.
Wat er | eaking around the gate created quick flash rusting
after sand blasting. Several products were used in attenpts
to reduce the | eakage but were unsuccessful. Severe flash
rusting was rebl asted before painting. Al old paint and
corrosion products were renoved to SSPC SP5 specifications
but, by the tine the paint could be applied, the steel had
changed color fromwhite netal to a dark gray on nost walls,
and bl ack on the fl oor.

The west conduit area was coated with Reactic 1208. The paint
was m xed according to the manufacturer’s instructions.
Thinning varied from10%to 20% The paint was applied to
wal | and ceiling areas using conventional spray equipnment. It
was found that a wet filmthickness of 8 mls could be applied
on walls and ceiling w thout saggi ng. An attenpt to apply
>12 mls in a single coat resulted in considerabl e saggi ng.
Sags were sanded to a 5 to 8 mls thickness and the remai nder
of the coating thickness applied with rollers. The paint was
hard to roll and adhere because of the noisture on the walls.
Application to the floor area could not be acconplished by
spray because of the flowng water, so the coating was sinply
poured onto the floor and spread with a roller. Hard pressure
was required against the roller to get adhesion of the paint



on the floor. The small area along the wall was coated using
a brush. The on-site manufacturer’s representative
recommended a single 15 m | coating applied to the floor
because | ong curing periods under water create difficulty in
applying a second coat. According to the representative, the
finish on the first coat would be too slick and hard for
proper adhesion of the second coat. The dry filmthickness
varied from1l2 to 20 mls on the walls and 16 to 30 mls on
the fl oor.

The east conduit was sandbl asted and painted in early
Decenber. The area was coated with Pernox 9043. The paint was
m xed according to the manufacturer’s instructions, thinned
approximately 15 percent, and applied with conventional spray
to the ceiling and walls. The floor area was coated with
roller and brush. There were a few seepage probl ens that
resulted in pinholes in some snmall areas and adhesion failure
in |arger seepage areas. Pinholes were nost common on the
ceiling area. The dry filmthicknesses varied from13 to 20
mls on the walls and ceiling, and 20 to 40 mls on the fl oor.

After 9 nonths of service the perfornmance of the coatings was
observed. The Reactic in the west conduit was blistered in
all areas. The only areas of rust were a 2 to 6 in. tall area
extendi ng several feet along the intersection of the floor
with the wall (underwater application by brush) and a few
areas of pinpoint rusting on the ceiling of the service |iner.

After 9 nonths of service the Pernox coating was found to be
hard and no blistering was noted. There was a |ine of rust
about 1 to 1.5 in. tall and extending for about 3 feet on each
side of the liner where the floor and the wall neet. This
area was brush-applied and may not have sufficient thickness.
Actual thickness neasurenents could not be taken at the tine
of the inspection because the area was underwater. There was
al so a small anount of rust where the steel joined the
concrete and m nor pinpoint rusting on the ceiling. The
remai nder of the coating appeared durable and was providing
conpl ete protection

A second inspection of both liners after 1.5 years indicated
little change fromthe 9 nonth inspection.

PHASE | || CONCLUSI ONS
Several conclusions were drawn for this phase of the study:
1. The blistering noted with Reactic 1208 reinforced the

Phase Il test results, but also indicated that the
failure was related to increased filmthickness.



2. The good performance of the Pernox 9043 al so reinforced
the Phase Il test results.

3. The | ow tenperatures in the conduit caused an increase in
saggi ng, which should be addressed in any antici pated
product specification.

4. Spray application was practical on vertical surfaces that
were danp but where the water could flow off the surface.

5. Pi nhol es devel oped on the ceiling areas where water hung
in droplets. Rolling or brushing may have been a nore
effective nethod of application in this area.

6. Products could be applied to floor areas that were
underwater by using a roller in a single-coat
appl i cation.

7. Application by brush may be the only practical nethod for
applying a stripe coat, but should not be used for |arger
areas where rollers or spray equi pnent could be used to
apply nore uniformthicknesses.

CONCLUSI ONS AND RECOMMENDATI ONS

This research has shown that coatings are available that wll
adhere to an abrasive-blasted steel surface that is either
danp or wet at the tinme of application. One such coating is
continuing to provide a satisfactory |evel of corrosion
protection on a gate after 2 years, and on a conduit |iner
after 1.5 years. However, this conclusion does not inply that
the level of protection is equal to that of a high-performance
coating applied under dry conditions. Even the best of the
coatings tested all owed sone rust to occur in areas where the
coating was thin or its application did not conpletely

di spl ace the water. Therefore, it is recormmended that these
coatings only be specified in areas where it is not possible
to achieve a conpletely dry surface.

The | aboratory test nethods used to evaluate the products
provi ded an indication of potential performance, but results
fromthe field applications indicated that sone tests should
be nodified in order to identify specific problem areas:

1. Inthe field, application by roller appeared to be the
nost practical method in areas where surfaces had a
significant anmount of standing or running water.
Therefore, laboratory testing should include roller
application to wet panels.



2. The low tenperatures encountered in the field application
aggravat ed saggi ng problens and curing tines. Therefore,
| aboratory application and cure testing should be
conducted at a tenperature simlar to that encountered in
the field. The |lower-tenperature test conditions wll
require lengthening the imersion testing in order that
adhesion loss and blistering results nay be observed.

AUTHOR S ADDRESS: U.S. Arny Construction Engi neering
Laboratori es

P.O Box 9005
Chanpai gn, IL 61826-9005



TABLE | . PHASE Il COATI NGS.
Sys Number of Generic Paint Type Dry Film Mix Volatile Organic  Cost/sq ft  Total System
Coats Thickness  Ratio Content (2000 sq ft ~ Cost/ft
(mils) area)
1 2 primer- epoxy 4-8 4:1 2.4 Ib/gal $0.13
(292 g/l)
topcoat - epoxy 4-8 4:1 2.4 Ib/gal $0.13 $0.26
(292 g/l)
2 1 high-solids epoxy 8-10 11 0.24 Ib/gal $0.25 $0.25
(28.8 g/l)
3 1 polyamine-cured epoxy 8 11 1.3 Ib/gal $0.12 $0.12
(156 g/l)
4 2 primer — polyamide — adduct 4 31 1.3 Ib/gal $0.12
cured epoxy (156 gil)
topcoat — polyamine-cured 6 11 3.48 Ib/gal $0.07 $0.19
epoxy (417 g/l)
5 2 primer — moisture-cured 3-4 1comp 2.8Ib/gal $0.05
polyurethane (336 gil)
topcoat — moisture-cured 3-4 1comp 2.8Ib/gal $0.03* $0.08
polyurethane (336 g/l)
6 1 epoxy 4-8 4:1 2.4 Ib/gal $0.13 $0.13
(292 g/l)
7 2 epoxy mastic 5-7 11 2.83 Ib/gal $0.09
(339g/)
urethane 15-2 1:4 3.48 Ib/gal $0.06 $0.15
(417 glly**
8 2 glass-filled epoxy 5 11 0.93 Ib/gal** $0.165
(111 g/
glass-filled epoxy 5 11 0.93 Ib/gal** $0.165 $0.33
(111 g/
9 2 epoxy/ amine-modified 3-8 11 2.1 Ib/gal $0.13
polyamide (252 g/l)
epoxy/ amine-modified 10-12 11 2.1 Ib/gal $0.24 $0.37
polyamide (252 g/l)
10 1 epoxy copolymer 14-20 2.0 Ib/gal $0.82 $0.82
(240 g/l)
11 2 epoxy 8-10 231 0 $0.35
epoxy 8-10 2.31 0 $0.35 $0.70
12 1 amine-cured epoxy 20 4:1 1.47 Ib/gal $0.71 $0.71

(176 g/l)



